To study the incidence of gastroesophageal reflux (GER) related complications after correction of esophageal atresia (EA). Summary Background Data: The association of EA and GER in children is well known. However, little is known about the prevalence of GER and its potential complications in adults who have undergone correction of EA as a child. Methods: Prospective analysis of the prevalence of GER and its complications over 28 years after correction of EA by means of a questionnaire, esophagogastroscopy, and histologic evaluation of esophageal biopsies. Results: The questionnaire was returned by 38 (95%) of 40 patients. A quarter of the patients had no complaints. Swallowing solid food was a problem for 13 patients (34%), and mashed foods for 2 (5%). Heartburn was experienced by 7 patients (18%), retrosternal pain by 8 (21%). However, none of the patients were using antireflux medication. Twenty-three patients (61%) agreed to undergo esophagogastroscopy, which showed macroscopic Barrett esophagus in 1 patient, which was confirmed by histology. One patient developed complaints of dysphagia at the end of the study. A squamous cell esophageal carcinoma was diagnosed and treated by transthoracic subtotal esophagectomy. Conclusions: This study shows a high incidence of GER-related complications after correction of EA, but it is still very disputable if all EA patients should be screened at an adult age.
I t is well known that the prevalence of gastroesophageal reflux (GER) is increased in children treated for esophageal atresia (EA). [1] [2] [3] If untreated, GER can result in esophagitis and intestinal metaplasia (Barrett esophagus), which is a known precursor of adenocarcinoma 4, 5 . In our center, EA patients are nowadays prospectively screened for GER 3 months after surgical correction of their EA. However, in adults who have undergone correction of EA as a child, little is known about the prevalence of GER and its potential complications.
There are only 3 studies that prospectively investigated the prevalence of GER and its sequelae after correction of EA by means of esophagoscopy and histologic evaluation of biopsies. 6 -8 Lindahl et al and Somppi et al found esophagitis and gastric metaplasia, which in those days was also called Barrett's esophagus. Only Krug et al found intestinal metaplasia, Barrett esophagus according to modern definitions. 9 The longest follow-up period in these studies is 26 years. In the present study, the prevalence of GER and its complications over 28 years after correction of EA was analyzed.
PATIENTS AND METHODS
Between September 1947 and September 1972, 105 patients were treated for EA and/or tracheoesophageal fistula (TEF) at the Pediatric Surgical Center of Amsterdam. Medical charts, operative reports, and office notes were used to assess the medical history of each patient and to collect data. Sixty-three patients (60%), mostly from the early years of the series, died before the start of the study and were excluded. The causes of death of these patients are listed in Table 1 . All but 1 of these patients died before the age of 3 years (the other patient died at age 29 from a car accident). Two patients were lost to follow-up, due to emigration in one, and due to adoption in the other. Forty patients could finally be included.
After approval of the protocol by the Medical Ethical Committee, a questionnaire was sent to the patients to assess their symptoms. In an accompanying letter, the patients were offered esophagogastroscopy (EGS) with biopsies. The completed questionnaire was returned by 38 patients (95%), and twenty-three patients (61%) were willing to undergo EGS.
EGS was performed by a gastroenterologist, under local anesthesia. Findings at EGS were classified according to the modified system of Savary-Miller. 10 Biopsies were taken from the anastomotic scar, from the distal esophagus above the Z-line and from macroscopically abnormal regions. All biopsies were judged for esophagitis and metaplasia by a pathologist (who was not aware of clinical and endoscopic findings) and scored according to Ismael-Beigi. 11 Barrett esophagus was defined as a change in the esophageal epithelium of any length that could be recognized at EGS and had to be confirmed by biopsy to contain intestinal metaplasia. 9 Data were collected in a database and analyzed using SPSS software, version 10.0.1. Differences between groups were analyzed by means of the 2 test or Fisher exact test. The level of significance was defined as P ϭ 0.05.
RESULTS

Patient Characteristics
The study group consisted of 26 men and 14 women. The mean birth weight had been 2760 g (range, 1960 -3600 g), and the mean gestational age 39 weeks (range, 34 -42 weeks). Nine patients (23%) had associated congenital malformations. One patient had a long gap EA without TEF (Gross type A); the other 39 patients had EA with a distal fistula (Gross type C). Primary repair was performed in 38 patients, a colon interposition in 2 patients, all without major complications.
One patient underwent an anterior gastropexy according to Boerema at the age of 19 years. The Boerema anterior gastropexy is the standard antireflux procedure for children in our center. 12, 13 Sixteen patients (40%) underwent more than 3 esophageal dilatations. However, in most of these patients, it was not clear in retrospect whether the dilatations were performed due to complaints and/or symptoms, or as a routine procedure.
Questionnaire Results
The questionnaire was completed and returned by 38 (95%) of 40 patients. The mean age of the responders was 34 years (range, 28 -45 years). All had families and normal jobs. None of the offspring had EA, but 1 child had an isolated (Gross type E) TEF.
Ten patients (26%) did not have any complaints. Thirteen patients (34%) experienced problems swallowing solid food; 2 (5%) had problems swallowing mashed food. Four patients (11%) experienced limitations of type of food; 15 (40%) needed to wash down their food with drinks. Most problems were encountered while eating meat or rice. Recurrent respiratory problems occurred 5 patients (13%); heartburn was experienced by 7 patients (18%), retrosternal pain by 8 (21%), and 5 patients (13%) reported both. None of the patients were under medical care for their complaints, and none were using antireflux medication at the time of the questionnaire.
Esophagogastroscopy and Histology
Twenty-three patients (61%) underwent EGS. As many patients with complaints were willing to undergo EGS as patients without complaints (17 of 28 versus 6 of 10, P ϭ 0.627).
EGS showed a macroscopically normal esophagus in 19 patients (82%). Grade I esophagitis was found in 2 patients (9%), and macroscopic Barrett esophagus (Grade V esophagitis) was found in 2 patients (9%). Hiatal hernia was seen in 13 patients. Patients with hiatal hernia did not have more complaints or worse findings at EGS and histology (data not shown).
In 21 of 23 patients, biopsies were taken: in 1 patient, EGS was performed in another hospital and no biopsies were taken. In another patient with Ehlers-Danlos, no biopsies were taken because of a slightly increased risk of bleeding. Histology showed normal esophageal squamous epithelium in 1 patient (5%), mild esophagitis in 8 patients (38%), moderate esophagitis in 8 patients (38%), and severe esophagitis in 3 patients (14%). Intestinal metaplasia (Barrett esophagus) was found in 1 of the 2 patients with a macroscopical Barrett at EGS (5%). Table 2 shows the relation between findings at EGS and histology. We found no correlation between complaints and findings at EGS or histology.
Worth mentioning is the patient who underwent anterior gastropexy in the past, who had a normal EGS and normal esophageal squamous epithelium at histologic evaluation.
One of the patients developed complaints of dysphagia some time after completion of the questionnaire. He underwent EGS at which a squamous cell carcinoma of the esophagus was diagnosed (T3N0M0). A transthoracic subtotal esophagectomy was performed, with gastric tube reconstruction. There are no signs of recurrent disease after more than 3 years of follow-up. 14 
DISCUSSION
This study analyzes the prevalence of GER, and its complications, over 25 years after correction of EA by means of a questionnaire, EGS, and histologic evaluation of esophageal biopsies.
The 95% response to the questionnaire was high. All seemed to function normally in daily life. Three quarters of the patients had complaints, but they did not seem to be hampered by these complaints in their daily activities. A third of the patients experienced problems swallowing solid food, but most of them could eat everything they wanted. It has been described that after correction of EA, the motility of the esophagus is hampered, 15 and it is not clear whether the swallowing complaints were caused by GER or by disturbed motility.
All patients were offered EGS with biopsies, which 61% agreed to undergo. Unfortunately, there is a clear decline in the number of patients willing to cooperate with the several parts of the study. The most logical explanation for this selection is that patients with complaints are more willing to undergo EGS. However, this hypothesis proved to be wrong: patients with complaints did not appear to be more willing to undergo EGS, as compared with those without complaints (17 of 28 versus 6 of 10, P ϭ 0.627). The true reason for this selection must be that it is easier to participate in a questionnaire than to be subject to an invasive investigation. However, even if all patients that did not agree to undergo EGS or biopsies would have had normal histology, the prevalence of histologically proven abnormalities would still be 63% (24 of 38, defining mild esophagitis as normal).
The findings of this study are comparable to those of Krug et al. 8 They also found a high number of patients with complaints (77%), and a high prevalence of esophagitis (53%). Similar to our study, they found a striking discrepancy between complaints and abnormalities at EGS and histology. There are several other publications reporting this phenomenon, 16 -18 but none have offered an explanation.
The methods used in our study focused especially on assessing the sequelae of GER, like esophagitis and Barrett esophagus. It is possible that pH-measurements may help to identify the real number of patients with GER, although its additional value can be disputed in patients who underwent esophageal biopsies. Our next study, combining pH-measurements with manometry, will give more insight in the real prevalence of GER and/or motility problems.
Does this give us enough evidence to advocate screening of all EA patients at an adult age? The intended effect of screening would be to detect intestinal metaplasia, to start treatment early and to improve survival. However, before starting a screening program, we should first have to be informed about the incidence per age group of intestinal metaplasia after repair of EA and make an estimate of the effect of EGS and histologic evaluation on improved survival. In such an estimate, we would also have to take into account the duration of the preclinical detectable phase, the effect of false-positive test results, and the side effects of treatment. Furthermore, cost-effectiveness and aspects concerning the implementation of a screening program should be taken into consideration. Moreover, healthy ex-patients are asked to undergo invasive investigations, which makes them a patient again. It is also important to realize that it still is not clear if any treatment of Barrett esophagus, be it medical, ablative, or surgical, will have any effect on the natural history of the disease. 19 So far, an increased incidence of esophageal cancer in EA-patients has not been reported in the literature.
In summary, this study shows a high prevalence of esophagitis, probably due to chronic GER after correction of EA, and a high frequency of complications, but no correlation between subjective and objective findings. It is still very disputable if all EA patients should be screened at an adult age. 
